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Summary : Anther-derived somatic embryos ( cv. Georgikon 28) were transformed with reporter gene encoding ß-glucuronidase, 
using the Agrobacterium tumefaciens strain EHA I 0 I. Embryogenie calli were maintained and proliferated on MS medium containing 
plant growth regulators and 50 mg·I-1 kanamycin . Numerous somatic embryos were obtained by placing calli on hormone-free MS medium 
supplemented with 50 mg·I-1 kanamycin. Transgenie plants were regenerated from these embryos. Application ofantioxidants during and 
after cocultivation reduced necrotic symptoms ofplant cells, while in the presence ofan antioxidant during cocultivation the frequency 
oftransformation was decreased. Injuries caused by particle bombardment did not increase the transformation efficiency. 
K e y wo r d s : Agrobacterium tumefaciens, genetic transformation, somatic embryogenesis, antioxidant, biolistic bombardment. 
Ab b r e v i a t i o n s : BA= 6-benzy laminopurine, 2,40-2,4-dichlorophenoxyacetic acid. 
Introduction 
Grapevine is the most widely grown fruit in the world 
with a remarkable eeonomie importanee and menaeed by a 
number of diseases. Conventional breeding of resistant 
eultivars is time eonsuming due to the long generation ey-
cle. Thus, genetie transformation is a promising approaeh to 
overeome this diffieulty. At present, Agrobacterium-medi-
ated transformation systems seem to be the most success-
ful tool to obtain transgenie grapevines. According to pre-
vious reports grapevine tissues are adequate for Agrobac-
terium transformation, however, several attempts failed due 
to the Iack of plant regeneration from transformed eells 
(BARIBAULT et a/. 1989, 1990, ÜUELLEC et a/. 1990, BERRES 
et al. 1992). While direet plant regeneration from somatie 
tissues of grapevine is diffieult regeneration through em-
bryogenie eulture is relatively easy and offers a solution for 
this defieieney. The first sueeessful regeneration of 
transgenic grapevine using hypoeotyls of somatic embryos 
was reported by MuLLINS et al. (1990). With the aid of so-
matie embryogenesis, transgenie grapevines were produeed 
transforming embryogenie ealli (LE ÜALL et al. 1994, NAKAMO 
et a/. 1994, KRASTANOVA et a/. 1995, PERLet a/. 1996) or so-
matie embryos (MARTJNELLI and MANDOLINO 1994, ScoRZA 
et al. 1995). In the later eases plant regeneration oeeurred 
via seeondary embryogenesis. KJKKERT et al. ( 1996) obtained 
transgenie grapevines from somatie embryos using the 
biolistie transformation method (KLEIN et al. 1987). 
Previously we deseribed an in vitro culturing protoeol 
to obtain embryogenic calli from anthers, induction of sec-
ondary embryogenesis from somatic embryos and regen-
eration ofplants from somatic embryos (MozsAR and VtcztAN 
1996). Basedon this system, we now report a procedure for 
genetie transformation of grapevine, establishing trans-
formed embryogenic calli lines which eontinuously produee 
somatie embryos resulting numerous transgenic plants. In 
this study we also investigate the effeet of antioxidants and 
injuries eaused by biolistic particle bombardment on the ef-
ficiency of Agrobacterium-mediated transformation of grape-
vine embryos. 
Material and methods 
Anther-derived embryogenie eulture from the hybrid 
grapevine Georgikon 28 (028) (Vitis berlandieri x V.riparia 
T.K.5BB x V. vinifera) was obtained as described previously 
(MozsAR and SüLE 1994). Briefly, disseeted anthers were eul-
tured on MSE medium (MS salts and vitamins, MuRASHJGE 
and SKOOG 1962) eontaining 0.8% Noble-agar(Difeo), 20 g·I-1 
suerose, 5 .~M 2,4D, and 0.9 ceM BA for a month and then 
transferred'-" onto fresh medium with the same hormones. 
Embryogenie ealli appeared two months after disseetion. 
Somatie embryos were formed when these ealli were placed 
onto MS or half strength MS medium. 
In the transformation experiments, the disarmed 
Agrobacterium tumefaciens strain EHA 10 I (Hooo et al. 1986) 
earrying the binary veetor pGSGiue 1 was used (SAlTO et al. 
1991 ). T -DNA of this binary plasmid earried a nptll gene 
eonferring resistanee to kanamyein and a uidA gene eneod-
ing the enzyme ß-glueuronidase. Both genes were driven by 
a dual promoter ofmannopinesynthase (VELTEN et al. 1984). 
pGSGiue I was introdueed into EHA I 01 via tri parental mat-
ing. Bacterium eultures were grown ovemight at 28 oc in 
modified liquid YEB (0.5 g·l-1 sucrose in plaee of 5 g·l-1, SüLE 
et al. 1994) supplemented with 100 mg·l- 1 ampicillin and 
50 mg·J- 1 kanamyein. 
Embryogenie ealli were immersed into suspension of 
EHA101/pGSGiue1 (00600 =0.6). After30 minealli wererinsed 
twiee with sterile, distilled water, blotted dry and transferred 
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onto MS medium plus 20 g·J-1 sucrose with or without 0.4% 
Polyclar (Serva). Polyclar (insoluble polyvinylpyrrolidone) 
is an antioxidant with phenol binding feature. Petri dishes 
were incubated in the dark at 28 °C for 48 h. After 2 d, calli 
were rinsed 3 times with sterile distilled water and placed 
onto MS, MS plus 0.4% Polyclar, MS plus 15 mMN-acetyl-
cystein, MS plus 0.1 % L-cystein or MS plus 0.3 % activated 
charcoal. All media were supplemented with 500 mg·I- 1 
cefotaxim. The control calli were immersed into a YEB me-
dium for 30 min. 
In preliminary experiments the transient expression Iev-
els ofthe uidA genein embryogenic calli were low. In order 
to get more precise differentiation we used somatic embryos 
(5-I 0 mm in length) to investigate the intluence ofPolyclar 
on the transformation efficiency during cocultivation. We 
used the transformation protocol described above. After 2 d 
of cocultivation on MS or MS plus 0.4% Polyclar, embryos 
were transferred onto MS containing 500 mg·l- 1 cefotaxim. 
4 d later GUS expression was detected by the histological 
and tluorimetrical method. 
In another experiment we examined the effect ofparticle 
bombardment on the efficiency of Agrobacterium-mediated 
transformation prior to cocultivation. A commercially avail-
able gas-driven accelerator device (Gene-Booster) was 
used to bombard somatic embryos with 1 11m uncoated tung-
sten particles. Somatic embryos were placed onto MS me-
dium. Petri dishes were put 10 cm away from the microcarrier 
launch point and were bombarded once. Sampie chambers 
were evacuated to 0.5 bar and 28 bar gas pressurewas ap-
plied to the acceleration tube. Embryos were immersed into 
a diluted overnight culture ofEHA 10 1/pGSGluc 1 (OD 600 = 0.6) 
immediately after bombardment. The transformation proto-
col was used as described above. Following a two-day 
cocultivation on MS, embryos were washed with sterile, dis-
tilled water three tim es and placed onto MS medium supple-
mented with 500 g·J- 1 cefotaxim. Plates were incubated for4 d 
in the dark at 28 °C. GUS expressionwas detected by histo-
logical staining. 
To obtain transgenic plants we used ihe bacterium strain 
and protocol as described above. After a 4-day incubation 
on a cefotaxim containing medium embryos were placed onto 
the MSE medium with 50 mg·J- 1 kanamycin, 500 mg·J- 1 
cefotaxim and 0.2% Polyclar agairrst active oxygen and phe-
nolic substances released by dead cells. 
Postcocultivation of embryos on a selective medium was 
in the dark at 28 oc for 60 d. Somatic embryogenesis from 
developed embryogenic calli was induced on MS amended 
with 50 mg·J- 1 kanamycin and 250 mg·J- 1 cefotaxim. 
Plant regeneration from somatic embryos occurred in 
liquid MS medium as described previously (MozsAR and SüLE 
1994). 
The histological detection of ß-glucuronidase activity 
was carried out as described by LEGALLet al. (1994). Forthe 
tluorimetrical method, samples were homogenised in 2 ml 
Eppendorftubes using a micropestle. Foreach sample 200 111 
extraction buffer (50 mM Na2P04, pH 7.0, 10 mM 
ß-mercaptoethanol, 10 mM Na2EDTA, 0.1% Na-Lauryl Sar-
cosine, 0.1 %Triton X-1 00) were added. Tubes were centri-
fuged at 10,000 g for 10 min. From each tube 50 111 of 
supematant were used to measure the protein content ac-
cording to LOWRY et al. ( 1951 ). Another 50 111 of each 
supematant was transferred into tubes containing 200 111 
assay buffer (I mM 4-methylumbellyferil-glucuronide in ex-
traction buffer). Tubes were incubated at 37 oc for 3 h. From 
each reaction mixture 100 111 samples were transferred into 
tubes containing 900 111 0.2 M Na2C03 tostop the reaction. 
The amounts of free 4-methylumbellyferil ( 4-MU) were meas-
ured with a Hoefer TKO I 00 tluorimeter. 
To prove the presence of foreign DNA sequences in 
plant cells, the polymerase chain reaction (PCR) was used. 
The reaction mixture in a total volume of 50 111 contained 
50 mM KCI , 10 mM Tris-HCI pH 9.0, 0.1% Triton X-100, 
1.5 mM MgCI2, 200 11M of each deoxynucleotide triphos-
phate, 2 pmol of each primer, 2.5 111 template, 2.5 U Taq DNA 
polymerase (Pharmacia). PCR was performed in a DNA ther-
mal cycler PDR I, using the following protocol: initial dena-
turation at 95 °C for 2.5 min, followed by 40 cycles of dena-
turation at 94 oc for 1 min, annealing at 55 oc for 1 min, 
extension at 72 °C for 2 min, additional extension at 72 °C for 
7 min. After PCR, 5!11 was separated by electrophoresis in a 
2% agarase gel in TAE buffer and the amplified DNA frag-
ment was visualised by ethidium bromide staining. 
Theprimerpairs5'-GAGGCGAGGCGGCTATGACTG-3' 
and 5 '-ATCGGGAGCGGCGATACCGTA-3' (HoFFMANN et al. 
1997) were used to amplify the nptli gene and VCF 5 •- ATCA 
TTTGTAGCGACT-3', VCR 5'-AGCTCAAACCTGCTTC-3' 
(SAWADA et al. 1995) for the amplification of virC. The npt!I 
primers amplify a 800 bp fragment of the nptii gene. The 
VCF-VCR primers amplify a 730 bp fragment ofthe virC gene 
and were used to verify the absence of Agrobacterium on 
or within putatively transformed plants. 
Results and Discussion 
After cocultivation with Agrobacterium, when calli were 
placed onto MS, they became dark brown and exhibited se-
vere necrotic symptoms. Necrotic calli did not grow further 
and died. Control calli immersed in bacterium-free YEB re-
mained viable and maintained their yellow colour. One week 
after cocultivation calli on MS supplemented with either 
antioxidants or charcoal showed very reduced browning. 
After a month, colour ofthe calli on the medium with char-
coal were very similar to the control. Those on media with 
different antioxidants were also healthy but a little bit more 
brownish. No differences between the antioxidant treatments 
were observed. In all cases, Polyclar improved condition of 
calli during cocultivation. Although charcoal was the most 
effective to reduce browning of calli it also strongly modi-
fied the impact of the plant growth regulators added to the 
medium ( unpubl. results) probably by absorbing them. There-
fore, in subsequent experiments we used Po1yclar to reduce 
necrotic responses of explants. In addition, Polyclar is in-
soluble in water thus it can not interfere with biological proc-
esses in the cells. 
In the next step we investigated the effects of Polyclar 
application during cocultivation on the transformation effi-
ciency. Scoring histologically stained embryos cocultivated 
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on MS and on MS supplemented with 0.4% Polyclar showed 
that in the presence of Polyclar the number of blue spots 
was decreased 10 times. The average blue spots per em-
bryos detected histologically in MS and in MS with 0.4 % 
Polyclar were 2.63 and 0.27, respectively. The difference is 
statistically significant at P=0.05 according to Student's t test. 
Fluorimetrical measurements provided similar results. Aver-
age ß-glucuronidase activity of extractions of embryos from 
MS and MS plus Polyclar were 115 and 4 7 unit per mg pro-
tein, respectively. One unit equals an enzyme activity, which 
produces one pmole 4-MU per min. During cocultivation 
bacteria grew more vigorously on the MS + 0.4 % Polyclar 
medium than on the MS medium. Accelerated growth of 
Agrobacterium was probably caused by the effect ofPolyclar 
binding reactive oxygen and phenolic compounds released 
by infected plant cells. The higher number of Agrobacterium 
cells around the explants at the end of cocultivation could 
be the cause for different transformation efficiencies, al-
though we can not explain, why vigorous bacterial growth 
causes lower Ievels oftransformation. PERLet al. ( 1996) found 
that application of antioxidants during and after coculti-
vation prevents necrotic responses of embryogenic grape-
vine calli. In their report, the presence of Polyclar during 
cocultivation did not reduce the frequency of transforma-
tion events on tobacco leaf disks. Contrary to their observa-
tion we found that antioxidants had negative effects on the 
transformation efficiency when applied during cocultivation 
of somatic embryos of grapevine. 
In the bombardment experiment the average number of 
blue spotswas higher on control (2.45) than on injured em-
bryos ( 1.56; statistically not significant). ScoRZA et al. ( 1995) 
reported successful transformation of grapevine somatic 
embryos bombarded with uncoated tungsten particles be-
fore cocultivation with A. tumefaciens. In their experiment 
they had no control to check the influence ofbombardment 
on the efficiency of transformation. Under our conditions 
particle bombardment had no positive effect on the number 
of transformation events. Perhaps instead of injuries other 
factors such as the applied vacuum decreased the transfor-
mation efficiency. MARTINELLI and MANDOLINO (1994) also 
found that wounding of grape somatic embryos by needle 
before cocultivation did not increase the frequency oftrans-
formation. 
After 60 d of cultivation on selective media embryo-
genic calli were formed on the surface of embryos. These 
calli were detached and placed to a medium with the same 
components, only Polyclar was omitted and cefotaxim was 
reduced to 250 mg·I- 1 and incubated in the dark at 28 °C. 
Under these conditions transformed embryogenic calli were 
maintained and proliferated, while non-transformed calli died 
ifthe medium contained this amount ofkanamycin. Histo-
logical detection showed strong ß-glucuronidase activity in 
cells oftransformed calli (Fig. 1). When embryogenic calli 
were placed to the MS medium supplemented with 50 mg·J- 1 
kanamycin and 250 mg·I-1 cefotaxim numerous somatic em-
bryos appeared on the surface of the calli. These embryos 
were able to grow and developed on kanamycin-containing 
MS medium and were coloured dark blue after histological 
staining (Fig. 2). Roots and leaves of regenerated plants 
were also blue after histological staining (Figs. 3 and 4) while 
tissues ofnon-transformed plants did not show blue colora-
tion. We found some unstained parts at the leaves oftrans-
formed plants, while roots became uniformly blue. 
MARTINELLI and MANDOLINO ( 1994) reported a simiJar obser-
Figs. 1-4: GUS expression 1 in transgenic calli; 2 in transgenic somatic embryo; 3 in root oftransformed 
grapevine; 4 in sliced leaf of transformed grapevine. 
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vation. They explained uneven staining with wax layers at 
the leaf surface inhibiting the entry of substrate into the 
tissue. 
No Agrobacterium growth was detected when trans-
forrned tissues were placed to the YEB medium. 
PCR analysis ofDNA with nptll primers rrom GUS posi-
tive calli and plants gave an 800 bp fragment of the npt!T 
gene whereas non-transformed controls did not give DNA 
amplification (Fig. 5). The same DNA preparations failed to 
produce the 730 bp virC gene fragment, showing that the 
cultures were free of contaminating agrobacteria. 
Here, we describe a protocol for transforrnation of grape-
vine. The maintenance of embryogenic calli and high fre-
quency of embryo formation enabled us to gain a )arge 
number oftransgenic grapevines in a single transforrnation 
experiment. 
During cocultivation, Polyclar and charcoal as weil as 
all applied antioxidants after cocultivation were effective to 
remarkably reduce necrotic symptoms of plant cells after 
elimination ofbacteria. 
However, when we applied Polyclar during cocultivation, 
the transforrnation efficiency decreased significantly. We 
also proved that wounding of grapevine somatic embryos 
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Fig. 5: Agarose gelelectrophoretic analysis ofamplified DNA frag-
ments by PCR. Lanes: M: Iambda Hindilldigest (bands from top 
to bottom : 23130, 9416, 6557,4361, 2322, 2027, 564); 1: un-
transformed grapevine with nptll primers; 2: untransformed grape-
vine with virC primers (VCF-VCR); 3: Agrobacterium (EHA I 0 I) 
with virC primers; 4: transformed grapevine with virC 
primers; 5: transformed grapevine with nptii primers. 
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